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ABSTRACT

A retrospective study (2004-2010) on 2@ cobacterium bovistrainsisolated
from wild boars(Sus scrofa (n=18) and cattle (n=6) in Imperia province
(Savona province has been included in the studyiqud006) was performed
to detect the prevalence and distribution of aatibiresistant strains.
Actually, in this area cases bf. bovisinfections in wild boar were related to
cases in cattle herds due to the overlapping af tlespective habitat and
pasture areas, suggesting the role of these aniasalsio-indicator of the
presence oM. bovisin the environment and, in consequence, in farimails.
Susceptibility of allM. bovisstrains to antituberculous drugs (isoniazid-INH,
rifampicin-RIF, ethambutol-EMB and streptomycin-§TRas detected by
proportion method on Lowenstein-Jensen (LJ) medusing recommended
critical concentration, while the 6 bovind. bovis strains were tested by
Versatrek method on liquid medium, too. The praparmethod to assess the
M. bovissusceptibility to INH, RIF, EMB and STR is the datandard, but
the use of ancillary liquid culture systems (Vemslatmethod) should be
performed for the rapid and timely detection ofgdrasistance in tuberculosis
strains.

All the western Ligurian isolates in this study wegensitive to INH, RIF,
EMB and STR by the proportion method; however, tlighcterial growth was
pointed out in INH medium (2 samples) and in RIFdoen (1 sample). The
GenoType® Mycobaterium  tuberculosis- multidrug  resistamtius
(MTBDRplus) VER 2.0 assay was used to detect mutations in,rkat&, and
inhA genes associated with resistance to RIF artdl dN the 3 cases of light
bacterial groth. No mutation in rpoB, katG, andAnjenes was detected.

The six M. bovis isolates from cattle also tested by Versatrek myco
susceptibility kit, Versatrek myco streptomycin kitd Versatrek myco PZA
kit were fully INH, RIF and EMB sensitive, excemirfnatural pyrazinamide
resistance. A single strain of bovine origin showesistance to STR at lower
concentration (2 pg/ml), but this result was natfoened by the proportion
method.
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The absence of any drug resistance in cattle doeillikely explained with the
compulsory eradication program of bovine tuberdsldsy elimination of
infected animals and the ban on antituberculoug direatments in animals.
However, there is the very real opportunity foresthnimals in the same herd
-which may be harboring tuberculosis- to receivaited antibacterial therapy
for other conditions, such as respiratory diseasa&stitis, or other localized
infections. This may lead to the insurgence of dregistance inVl. bovis
strains despite all measures adopted for theirrcbn©On the other side,
considering the feeding habits of wild boars, liaating, the fact that no drug
resistance was found M. bovisstrains isolated from wild boars suggests the
absence of drug contamination in the environmedt@nfirms their role of

bioindicator.
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LIST OF ABBREVIATIONS

ARO antibiotic resistant organism

ATB antibiogram

BCG Bacillus Calmette-Guerin

CFU colony forming units

DRs direct repeats sequences

EMB ethambutol

ESP ESP® Culture System Il

HGT horizontal gene transfer

INH iIsoniazid

LJ Lowenstein Jensen

MAP Agar proportion method

MDR multidrug resistant

MTBC Mycobacterium tuberculosomplex
OFX ofloxacin

PCR polymerase chain reaction

RIF Rifampin/rifampicin

STR streptomycin

B tuberculosis

VNTR variable number of tandem repeats
VTI VersaTREK Automated Microbial detection System
XDR extensively drug resistant




l. INTRODUCTION

Mycobacterium (M.) boviss the causative agent of bovine tuberculosis (TB)
Therefore, it has received special consideratioriviestock owing to the
economic impact of infections in this context. Mover, M. boviscan infect a
wide variety of hosts, including wild animals, daptspecies, primates. Such
disease is an important zoonosis which poses #isegnt threat to humans as
it can be transmitted through consumption of comated milk and close
contact with infected domestic or wild animals. Tpresence of the bovine
tuberculosis in wildlife is generally not easily ntmllable and it raises
problems of public health, wildlife management andy interfere with the
eradication programmes. The presence of sympatfected wild species in
areas with TB-infected cattle herds (Delaleawl, 2002; Witmelet al, 2010),

in fact, is thought to be one reason for the failmf several European
countries (lreland, Italy, Portugal, Spain and thi€) to obtain an official
tuberculosis free (OTRtatus st out by the World Organization for Animal
Health (OIE) (www.oie.int/fileadmin/Home/eng/Healdtandards/tahc/2010/
en_chapitre_1.11.6, 03/02/2012

In humane medicine TB has remained a significanseaof morbidity and
mortality in resources-poor nations (Corbett al, 2003), but currently
threatens to re-emerge in developed nations asduellto its synergy with
HIV/AIDS, demographic changes and subsequent imatigrs (Davies
2003). Moreover, an emerging trend in the incideand resistance df/.
bovisin humans, which has important consequencesdanénagement, was
reported in Ireland since 2008; 28.5% were resigtaboth pyrazinamide and
isoniazid (McLaughliret al., 2012). In a report from San Diego in 2003 and
New York in 2005, 7 and 9% ®fl. bovisisolates were noted to be resistant to
pyrazinamide and isoniazid, respectively (Lobeteal 2003; Centers for
Disease Control and Prevention, 2005). Two caselsl.obovis resistant to
Isoniazid, rifampicin, and pyrazinamide were repdrin Scotland in 1998
(Armstronget al.,1998). Higher resistance rates have been notedtile, too
(Sechiet al.,2001; Caviranet al.,2003).
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The first cases of tuberculosis in wild boars inpéma province have been
reported in 1989 (Mignoneet al, 1991). The diagnosis was based on

anatomopathological examination of hunted wild Boand confirmed by

microbiological methods, biological assay and lpatbological examination

Since 1995 the submandibular and retropharyngeaply nodes of hunted
wild boars in Imperia province were examined fopdxcular lesions and a
large amount of data was collected.

A total of 2,826 lymph nodes, harbouring lesionggastive of tuberculosis,
were collected from 2000 to 2011. Fifty-eight ofit20826 were positive for
M. bovis %), 179 forM. microti 6%). Wild boars, in fact, may be infected
by other Mycobacteria, eld. microti, probably by rooting and eating infected
dead small rodents.

M. bovisspoligotypes isolates observed from the wild bdansted between
2000 and 2005 in Imperia province had the samesqrathis some bovine
isolates, confirming the hypothesis that wild baapresents a sensitive
indicator of environmental contamination By. bovis Dondo et al, 2006).
During 2006 hunting season in Savona province, t3ab 75 wild boars
observed showed tuberculous lesions; of theselohfed to spoligotype ETR
A-E 54433, the same isolated from cattle commingglin the same area
(unpublished data). The aggregation of wild boarsaasingle available
watering site, as well as supplemental feedingroimals like in this case,
could be associated with an increasing risk of cetg TB lesions in this
species in that area. This is probably relatechéoenhanced opportunity for
transmission from infected cattle herds, as repobg Miller and Sweeney
(2013) in North American wildlife.

Except for this wildlife monitoring activity limi to the single province, until
2012 Liguria region hasn't performed a regionaldiié monitoring program.
Only in 2013 a 2-years wildilife monitoring projeeixtended to the all
regional territory was funded.

Wild boar represents a sensitive indicator of esrvinental contamination by

M. bovisin Imperia province, and monitoring antimicrobiakistance in these
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animals in a long term period is very useful toedétany emerging antibiotic
resistant pattern. However, we should remember tti@treason why drug-
resistant strains d¥l. bovisare not emerging in animals nearly as rapidly as in
human populations is because of the lack of treatetated selection
pressures. No one is suggesting that individudlecat wild boars which are
identified as tuberculosis suspects should stardeive antimicrobial therapy
as we do with infected people. When whole-herd &est individual animal
culling practices are employed, there is the veg opportunity for other
animals in the same herd which may be harboringrtubbosis, to receive
limited antibacterial therapy for other conditiossich as respiratory disease,
mastitis, or other localized infections.

In this type of environment, asymptomatic and uedktd tuberculosis carriers
will be subjected to similar selection pressured tlave produced the current
worldwide emergence of multidrug resistant (MDR)d agxtensively drug
resistant (XDR) tuberculosis strains in humanssT&inot meant to find fault
with newer management procedures for bovine tulb@ssubut only to point
out that selection pressures which promote antobiat resistance
development may well be increasing, at least in @damestic and captive
animal species. Therefore, continued surveillarecedfug-resistant strains of
M. boviswill be even more important as we move forwardrieuge the safety
of our milk, beef and wild boar meat sources foman consumption.

For all these reasons, the current study has desized the drug resistance
pattern ofM. bovis strains isolated from cattle and wild boars livimgthe
same area (Imperia province, Liguria region, Italyth a view to evaluate the
use of different antibiotic susceptibility technegu (microbiological and

molecular) with both liquid and solid media.



1.1 Mycobacterium bovis and the Mycobacterium tuberculosis
complex

M. bovis the causative agent of bovine tuberculosis, ¢tsm @ause disease in
a variety of domestic and wild animalsl. bovisis a member of thé.
tuberculosiscomplex (MTBC).
MTBC includes the typical human-associated pathsdéntuberculosisand
M. africanum @e Jonget al, 2010), M. canettiiand the so called “smooth TB
bacilli” (Gutierrez et al, 2005), the actual host range of which remains
unknown, and several lineages adapted to differeatnmal species that
includesM. boviswhich is responsible of bovine tuberculosis andudes the
vaccine strainM. bovis BCG, M. microti, M. caprae, M. orygisand M.
pinnipedii(Brosch Ret al 2002; Huarcet al, 2006; van Ingen ét al.,2012).
Of note, novel members of MTBC affecting wild manisnan Africa have

recently been discovered (Cousetsal, 1994; Alexandeet al.,2010).

1.2 Therole of Wildlife for Bovine Tuberculosis

Worldwide, wildlife plays an important role in TBielemiology (Zumarraga
et al, 1999; Artoiset al, 2001; Schmitet al, 2002; Fitzgerald and Kaneene,
2013). Domestic and non-domestic animals may besidered either as
maintenance (or reservoir) hosts or non-maintendocespill-over) host for
bovine tuberculosis. In reservoir host speciesgatdn can persist through
horizontal transfer in the absence of any othercof M. bovisand may as
well be transmitted to other susceptible hosts.camtrast, spillover hosts
become infected witlM. bovisbut the infection only occurs sporadically or
persist within these population if a true maintergamost is present in the
ecosystem. If the source of infection is removd® prevalence for this
disease is reduced and it can only be maintaindaeitong term from another
source (Haydoret al., 2002). Extensive investigations of sporatc bovis
reoccurrence have shown that wildlifeservoirsexist in some countries and
can act as a source of infection for cattle, deeraher livestock. The role of

different potential host species may vary geogadlficwith habitat, ecology,
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land use and consequently behaviour (Gortazait.,2011). The potential for
transmission to the cattle population was evaluatediardstaffet al., 2014
across Europe by determining the level of TB hazmdwhich a given
wildlife species is responsible. Wild boars podeel greatest hazard of all the
wildlife species in Europe, indicating that thesenaals have the greatest
ability to transmit the disease to cattle.

In Europe, the most well known case of maintendrost is that of the badger
(Meles melesin the United Kingdom and the Republic of Irelgidllesmith,
1991; O'Reilly & Daborn, 1995; Corner, 2011), buB Tases have repeatedly
been reported in other mammals, including wild a®ini domestic (i.e.
fenced-in) cervids (Aranagt al, 1996; Prodingeet al, 2002), and even the
wild boar (Serraint al., 1999; Dondcet al,, 2007; Naranjet al, 2008) and
the brush-tail possunTfichosurus vulpeculain New Zealand (Animal health
division-New Zealand-19§6 Known wildlife reservoirsof M. bovisin North
America include white-tailed dee©@ocoileus virginianusin both Michigan
and Minnesota, United States, and both €leryus canadengisand white-
tailed deer in Riding National Parklanitoba, Canada (table 1).
Nevertheless, the role of European wild ungulatethé epidemiology of TB
is still under discussion. Wild boarSys scrofpare considered to be reservoir
hosts in Spain (Naranjet al, 2008), but spill-over hosts in Norwest-Italy
(Serrainoet al., 1999; Dondoet al 2007). The role of wild boar varies
depending on the local epidemiological context awittllife management
practices. In fact, the host status of a speci¢l vagard toM. bovis may

differ between regions or may change over time ddjpg on population

density or management regimen (Cousins and Flqriza®5) Due to the low

frequency of detection of generalized tuberculasisM. bovis infected
European wild boarsSus scrofg and to the fact that infected wild boars have
only been detected in areas with infected catBesrainoet al. (1999)
hypothesized that wildoars are the end host fidr. bovisinfection, with little
transmission possibilities to livestoekd little relevance asraservoir This
hypothesis was confirmed dyondo et al(2007), who pointed out thail.

9



bovisprevalence in wild boar is related to its prevatenctcattle herds due to
the overlapping of theirespective habitat and pasture areas, suggesting th
role of these animals as bio-indicator of the pmeseof M. bovis in the
environment and, in consequence, in farm animalesté&/n Liguria, the
geographical area that was the focus of our stiglyot officially free of
bovine tuberculosis by the comunitary law. In 201t Italian Ministry of
Health, reported that the overall proportion ofnfarwith positive cattle in
Liguria reached 0,2% (Italian Ministry of HealtlQ1D).

The detection of infection in a wildlife populatioequires bacteriological
investigation or the use of a valid testing mettiod the species involved

together with epidemiological analysis of infornoati

Table 1. Summary of Key Features of Bovine Tuberculosis inldife

Reservoirs (according to Fitzgerald and Kaneen&3R0

Reservoir Host

White-tailed Deer Brushtailed
and Ellc European Badger  Wild Boar Possum African Buffalo Lechwe
Geographic North America England and Spain New Zealand National parks in ~ Kafue Basin,
location Ireland South Africa Zambia
Significance Spillover into Spillover into Spillover into Spillover into Spillover into Lechwe
of reservoir domestic cattle domestic cattle domestic cattle, domestic cattle, other wildlife population
goats, deer, and deer, and ferrets species decline
pigs
Gross lesion Cranial lymph Lungs, lymph Cranial lymph Lungs, lymph Lymph nodes of  Lungs and
distribution nodes, lungs nodes, nodes; common nodes head and pulmonary
subcutaneous dissemination thorax lymph nodes
bite wounds
Important Latency, NVL Draining fistulous Diaphragmatic
disease features tracts, NVL lung lobes
Contributing Association with High population Increasing Introduction of Association with  High correlation
factors cattle; high density population reservoir to cattle; highly with liver fluke
population New Zealand gregarious host infestation
density
References 4,5,14,22,28,31, 810, 11, 13,16, 1,18,19,23,27,30, 2,3,6,7, 12,35, 21,24, 25,37,39 15,26
32,33,43,44,45 17, 20, 34 38, 41 36, 40

NVL, no visible lesions are common.

1.3 The antibiotic resistance

In general, antimicrobial resistance is the capaafita microorganism to resist
the growth inhibitory or killing activity of an aimicrobial beyond the normal
susceptibility of the specific bacterial speciescdnnell and Russell, 1999;
Acar et al 2011; Mathuret al. 2005). Resistance to an antibiotic typically

develops from its use and is a classic exampleaoivid'’'s principle, “survival

10



of the fittest”. The epidemiology of antibiotic rs®nce is made more
complicated by the ability of genes responsibledoch resistance to spread
between different types of bacteria. Also, antiioésistant bacteria can
spread across sectors, settings and geographiod¢rso This spread can be
attributed to people, animals, animal products onvirenmental
contamination. Some bacteria have been resistace sincient times, and are
said to have natural or intrinsic resistance. Imeotcases, susceptible bacteria
have become resistant over the course of the éasral decades: acquired
resistance. Bacteria are remarkably resilient asi@ptble and can change
rapidly in response to a change in their envirorimemch as the presence of
an antibiotic. Three types of resistance are desdri Microbiological
resistanceif vitro resistance) means a reduced susceptibility of bacte
antibiotics above a breakpoint that is defined by tpper limit of normal
susceptibility of the concerned species, whichls® a&alled epidemiological
resistance. The microbiological resistance can noftee confirmed
genotypically by demonstrating the presence of aaite antimicrobial
resistance gene or resistance mechanism via matedhniques. Secondly,
there is the pharmacological resistance. This setbaon pharmacokinetic
parameters and the normal susceptibility of a bedtepecies. If the minimal
inhibitory concentration (MIC) of the antibiotic féhe bacteria concerned is
within the concentration range that can be attaimgthat antimicrobial, it is
susceptible. If the MIC of the antibiotic for thenczerned bacteria is higher
than the concentration that can be attained asitieeof infection, then the
bacterium is regarded as resistant. Finally, dihicesistance irf vivo
resistance) means an infection with the concerm@tebium cannot be treated
appropriately anymore and treatment failures aigeen (Van Eldere, 2005).
Bacteria can be resistant to antibiotics by usirmyesal mechanisms:
enzymatic degradation of antibiotics, antibiotioget modification, changing
the bacterial cell wall permeability and alternatipathways to escape the

activity (Verraeset al 2013).
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A susceptible bacterium can become resistant throagnovel genetic
mutation in its DNA (chromosomal resistance) or,renoommonly, through
the acquisition of mobile genetic elements from thao bacterium that is
already resistant (horizontal gene transfer) (Rig. There are three main
mechanisms of horizontal gene transfer (HGT) betwzscteria: conjugation,
transformation and transduction. These may occtinensoil, in water, in the
digestive system of humans and animals, as weih deod (Verraeset al
2013). HGT of antimicrobial resistance genes, thedintenance in bacterial
populations and the creation of multidrug resistarsc greatly enhanced by
genetic structures such as plasmids, integrons tam$posons (Aarestrup,
F.M., 2006; Salyer®t al., 2007, Bennetet al., 2008; Revillaet al, 2008).
These are mobile genetic elements since they repraspool of mobile DNA.
The frequency of HGT largely depends on the progedf the mobile genetic
element, the characteristics of the donor and mdippopulations, and the
environment. Complicating matters is the ability afe resistance gene to
often confer resistance to two or more antibiotlzat usually belong to the
same antibiotic class, so-callemss-resistanceAlso, different resistant genes
that confer resistance to different antibiotic skss are often located together
in the DNA of the bacteria and can be transferrgtusaneously (referred to
asco-resistancg Thus, usage of one type of antibiotic can resuiesistance
not only to this antibiotic but also to others Ire tsame clasioss-selection

or in other classes@-selectioh
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conjugative plasmid antibiotic resistance gene chromosome

=0 (i)

donor bacteria recipient bacteria

b o) (@5

Fig. 1.Horizontal gene transfer: resistance gene beimgteared from one

bacterium to another (in accordance to World He@ltganization regional
office for Europe, 2011)

When a bacterium becomes resistant to an antiltimtozigh a novel mutation
in its DNA, the spread of the strain itself is frencipal method of spreading
the resistance. As bacteria reproduce very rapwmliganisms with this new
resistance can rapidly become dominant in a battpopulation within an
individual or an animal, particularly if the use ah antibiotic to which the
strain is resistant wipes out competing bacterigsimmediate environment.
The subsequent spread of resistant organisms thrpagple or animals, or
both, can ensure that the resistant organism bexamaely dispersed.

The consequences of horizontal gene transfer aga ewore alarming. This
mechanism can often promote the simultaneous smrfesistance to several
unrelated classes of antibiotics, particularlyné genes for such resistance are
co-located on the transmissible genetic element.

Also, there is another important mechanism. Wheistance has developed,
bacteria may often retain it for long periods i thbsence of exposure to
antibiotics. This may lead to persistence of rasis¢ to antibiotics that are
either rarely or no longer used.

To make matters worse, sometimes genes for resestamd virulence can be
transferred together, leading to the emergenceeoi resistance threats of
13



greater virulence and pathogenicity than seen 8t ganerations. The mass
media often call such pathogesgerbugs

The quantitative explosion of resistance from imdlnal cellular events
(mutation and/or gene transfer) to global healthllehges has relied on two
additional aspects:

(a) antibiotic selection pressure

(b) demographic and geographic spread.

Since antibiotics kill susceptible bacteria, remi$t bacteria have less
competition for resources and can flourish, espigciahen antibiotics are
present.

Antibiotic-resistant bacteria can become estabtished persist, even after
antibiotic use is discontinued.

People and animals normally carry vast numberswefrse bacteria in the gut,
on the skin and on other surfaces. Resistant baatan be carried by people
and animals that are not sick, and transferred dmtwindividuals and
communities, and around the world from people, atsmfood and trade
goods that carry them and from waterways (World [tHe®rganization

regional office for Europe, 2011).

1.4 M. bovis: a zoonotic and antibiotic resistant pathogen

M. bovisis both the causative agent of TB and a zoonatthgqmen, enclosed
in Annex |. A of the Legislative Decree No. 191/B0énplementing Directive
2003/99/EC on the surveillance of zoonoses and aaonmagents and
antibiotic-resistance. The European Union is steppup monitoring of
zoonoses, zoonotic agents and related antimicralesistance. It has laid
down minimum requirements applicable in the MemBates to reinforce
their existing monitoring systems, through whicteythcollect, analyze and
disseminate data on these phenomena with a viewdeatifying and
characterizing hazards, assessing exposure amdrggfne associated risks.
Zoonotic diseases are responsible for most (60.8f¢rgent diseases of

humans. Moreover, the preponderance (71%) of engergathogens is of
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wildlife origin or has an epidemiologically impontawildlife host (Jone®t
al., 2008). Wild animals are susceptible to infection rhany of the same
pathogens that afflict domestic animals, and trassion between domestic
animals and wildlife can occur in both directionnéDsuch pathogen isl.
bovis,the causative agent of tuberculosis in cattle andtrother mammals,
wild and domestic

The disease is an important zoonosis which posegjmficant threat to
humans as it can be transmitted through consumgtiozontaminated milk
and close contact with infected domestic or wildrais. The biggest concern
for human exposure is to those hunters who fie&bssliwild boars carcasses
and come into contact with tuberculous lesions.

Control of transmission from the wildlife populatido farmed species is
complex and, to date has relied on the reductiogradication of the infected
wildlife population.

On the other hand the increasing prevalence obiatit resistant strains of
bacteria in both animals and humans is an ememibfic health issue.

Of particular concern is bacterial resistance itdwnimal populations due to
antibiotics commonly used in human and veterinaeglicine, aquaculture and
agriculture (Fig. 2).

Mycobacterial species in thd. tuberculosiscomplex undergo low-frequency
spontaneous chromosomal mutations which resultenegc resistance to
antituberculosis drugs. Spontaneous mutationMn tuberculosis isolates
resulting in drug resistance occur at reporteduesgies between 1.0 x 10
and 2.95 x 18° For example,M. tuberculosisundergoes spontaneous
mutations resulting in resistance to isoniazid &eguency of & x 10° and
mutations resulting in rifampin resistance at afiency of 3Lx 10 ® (Johnson
et al.,2006).
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Antibiotics

H

Agriculture
(e.g. in poultry, cattle, pigs)

Farm dwellers: contact Meat and dairy products Contamination: spread
of faeces and manure

; on-therapeutic use (e.g. prophylaxis,
Therapeutic use ﬁ growth promotion)

%

with food animals

ruits an ells/rivers
ol vegetables streams
Domestic pets

Source: adapted from an unpublished figure by the Alliance for the Prudent Use of Antibiotics.

Fig. 2. The flow of antiobiotic-resistant bacteria (in aatance with World

Health Organization regional office for Europe, 2D1

The proliferation of antibiotic-resistant organisi#RO) in the environment
reflects the extension of resistance beyond thepitadssetting and likely
indicates multiple sources of exposure and transferesistant strains to
nontarget population. Genetic studies have demaestithat some mutations
in target genes are associated with resistancstoazid (katG, inhA and the
intergenic region oxyR—ahpC), rifampicin (rpoB);egttomycin (STR) (rpsL,
rrs), ethambutol (EMB) (embB) and quinolones (oflom, OFX) (gyrA,
gyrB) (Telentiet al, 1993; Honoreet al., 1994; Takiffet al, 1994; Telentet

al., 1997; Ramaswamgt al., 2003). Most mutations have been described in
Mycobacterium tuberculosistrains and limited data are available regarding
the genetic assessment of drug-resistdntbovis strains (Blazquezt al.,
1997), in particulamM. bovis strains isolated from animals, and only genes
involved in INH and RIF resistance have been furttedied (Sechet al.,
2001; Blazquezet al, 1997; Sampeet al., 2005. M. bovis isolates are
naturally resistant to pyrazinamide, a first-limgial B drug, due to a single C-
G point mutation at nucleotide 169 at the pncA géwmrpioet al., 1996). A
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serious concern is the development, in human mesliof MDR strains of
mycobacteria, resistant at least rifampicin and nisdd (first-line
antituberculosis drugs) and XDR strains of mycobaati resistant to
rifampicin and isoniazid and second-line antitubdsis drugs (the
fluoroquinolones and either amikacin, kanamycincapreomycin) (Jain and
Dixit, 2008).

In humans, considerably fewer cases of TB are cabyeM. bovisthan M.
tuberculosis(Pérez-Lagcet al, 2013); M. bovisaccounts for approximately
0,5-1,5% of the entire human TB cases in some dpeel countries (Chegt
al., 2009); nevertheless, diagnostic limitations mésat currently available
data on prevalence grossly underestimate the iraerngion of the problem.
There are many reports of MDR strainsh\df bovisemerging in humans in
Europe and throughout other less developed cosgntheughout the world
(Coboet al, 2001; Gomez-Lust al, 2000). Although development of MDR
strains of M. bovis is less frequently reported than MDR strains Nof
tuberculosisit is still a problem, especially in countriesatltontinue to have
high rates oM. bovisinfection in their milking goats and cattle (Mukje® et
al., 2004) and the outbreaks caused by these sttemms had a dramatic
impact (Dankneet al, 1993; Guerreret al.,1997; Nittaet al.,2002; Hughes
et al, 2003). These infections are especially problematic
immunosuppressed people as well as in hospitalingsttserving as
nosocomial infections (Cobet al, 2001; Mukherjeet al, 2004). Despite this
fact, few studies have been developed to test ptibdity of M. bovisfrom
animal origin (Sechet al, 2001; Caviranet al., 2003; Hughe®t al, 2003;
Parreiraset al, 2004; Dalyet al, 2006; Romeret al, 2007; Fitzgeralat al.,
2011, Silaigwanat al, 2012).

Multidrug resistant strains d¥l. bovis have been identified worldwide, and,
the case and the frequency of human foreign tramtdrnational spread of
these strains is of concern.

Fortunately these forms of antituberculosis driggstance are not as prevalent

in veterinary medicine as they are in human medigiven the compulsory
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eradication program of bovine tuberculosis by aetaion of infected animals
and the ban on antituberculous drug treatmentsnimals. In fact, positive
domestic animals are slaughtered, not treated atehsed, and wildlife
positives are always detected following harveghefaffected animal.

Therefore fraudolent actions are reported, and comndrugs, Ilike
streptomycin, are effective against tuberculosie. téor this reason the

possible detection of resistavit bovisstrains appears of great interest.
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Il. THE PRESENT INVESTIGATION

2.1 PURPOSE OF THE STUDY

The aim of this study consists in a retrospectimeestigation (2004-2010) to
evaluate the prevalence and distribution of antikigesistantM. bovisstrains
(isoniazid, ethambutol, streptomycin and rifampmijtered from cattle and
wild boars Bus scrofa)living in the same area (Imperia province), and
improve the use of most rapid and sensitive diamdssts that provide
reliable results.

Rapid diagnosis of tuberculosis is important in Banmedicine for initiation
of appropriate drug therapy and institution of nueas to prevent the spread
of this highly contagious disease. Delayed treatmearticularly of multiple-
drug resistantM. tuberculosis(MDR-TB) strains, can result in treatment
failure and patient mortality (Stratton, 1992). e other hand, in veterinary
medicine, the detection of antibiotic resistavit bovis strains allows to
investigate the likely role of animals as sourcemig-resistant human cases.
Regarding mycobacterial testing, experts at thet€@erfor Disease Control
(CDC) have made several recommendations, incluttieguse of both liquid

and solid medium for mycobacterial culture (Tencsteal.,1993).

2.1.1 Specific objectives

I. To detect any evidence of new antimicrobial resistd. bovis
strains to isoniazid, ethambutol, rifampin and toepycin.

ii. To use the gold standard proportion method to tetesceptibility
of M. bovis strains to isoniazid, rifampin, ethambutol and
streptomycin.

iii. To perform tests of antibiotic resistance to specifirug
concentration by liquid culture system (VersaTREKydd
susceptibility kit, Streptomycin and PZA tests).

iv.  To use molecular techniques for fast detectiomofationsin rpoB,

katG, and inhA genes associated with resistandRand INH.
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v. To evaluate the role of wild boar as indicator niglcontamination

in the environment.

2.2 MATERIALS AND METHODS

The summary of the general methods is reportedibelo

2.2.1 Study area and samples

2.2.1.1 Imperia province

The study area was limited to Imperia province (Bavprovince has been
included in the study just in 2006) (fig 3). Thisopably represents a
limitation, but we are planning to extend the syradso toM.bovis strains
isolated in the entire Liguria region, Piedmont &atle d’Aosta region.

The hunting area is managed according to the divigif the territory into
Ambito territoriale di Caccia unico (A.T.C. Unicoi dmperia) and
Comprensorio Alpino di Caccia. The total surfacelmbperia A.T.C. is of
75,171.61 ha, the Comprensorio alpino has a tatahsion of 33,470.30 ha.
During the year 2011 the number of cattle repoitechational data base
(http://statistiche.izs.it) in Imperia province was’27, while the number of
wild boars (estimated data-Amministrazione prowatei di Imperia) was
4,500.
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Fig. 3 Study area: Imperia and Savona provinces

2.2.1.2Period of study
The investigation includes a seven-years studyr(fhunting season 2004 to

hunting season 2010) to detect any emerging disigtamce pattern.

2.2.1.3 Samples collection

The samples originated from skin test—positive leatentified within the
national or regional eradication programs, fromtiasurveillance, and from
postmortem inspections of wild boars were collected

Wild boars (Sus scrofa)

Surveillance of wild boars in Imperia province igskd primarily on
postmortem sampling (submandibular and retropha&ghdymph nodes,
diaphragm and blood) obtained from hunter-harveateghals.
Anatomo-pathological examination of submandibulad aetropharyngeal
lymph nodes was performed. Data regarding huntéd lbagars were reported
by the hunters on a specific form as follows: datenting place, sex,
estimated age. Granulomatous lesions referred ler¢ulosis (Fig. 4) were
collected and submitted to culture for the isolatd Mycobacteriunspp.
Cattle

Lymph nodes and/or other organs showing tubercuksgiens from skin test—

21



positive cattle slaughtered within the nationalderation programs or from

abattoir surveillance were also collected.

Fig. 4. Wild boar submandibular lymph node with lesiongiladtable to

Tuberculosis

Commingling of cattle and wildlife is common in sharea where domestic

and wild ruminants share pasture resources dupgnggsand summer.

2.2.1.4 Selection of strains
This study was performed on a panel of 24 westgumibn M. bovisstrains:

- 18isolated from wild boarg§Sus scrofaklaughtered during the hunting
seasons 2004-2010 (Fig. 5; tab. 2).

- 6 isolated from skin test-positive cattle (fig. &b. 3) within the
national eradication programs or from abattoir silance and
belonging to 2 tuberculosis outbreaks occurringmperia province in
2005-2006.

Sex, estimated age and weight of wild boars is shiowtable 2, while table 3

shows the characteristic of cows when known.
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Tab. 2. Sex, estimated age and weight of wild boars pasiivM. bovis

N° strain Sex Age (years) Weight (kg)
1 M 1 30
2 F 1-2 20
3 F 1-2 25
4 F 1 30
5 M 2 80
6 M 2 80
7 M 1-2 80
8 M 2 65
9 M 1 20

10 M 1-2 50
11 nd nd nd
12 nd nd nd
13 nd nd nd
14 nd nd nd
15 F nd 80
16 M nd nd
17 M 1-2 nd
18 F nd nd

*nd= not detected

Table 3 Year, breed, sex and age (months) of cows that testativeoor M.
bovis

N° Strain Year Breed Sex Age (months)
1 2005 nd* nd nd
2 2005 nd nd nd
3 2005 nd nd nd
4 2005 nd nd nd
5 2005 nd nd nd
6 2006 Piemontese M 18

*nd= not detected
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2.2.2 Samples processing and culture

2.2.2.1Bacteriological examination for isolation of Mycatiarium spp

The flowchart illustrating the diagnostic protocébr the isolation of

Mycobacteriunspp is shown in figure 7.

Connective and fat tissue were firstly removed friyzomph nodes samples,
then the sample was homogenized and decontamimatee different ways

(Cetylpyridinium chloride 1.5% and Sodium Hydroxi@&o) and both were
inoculated onto three different types of solid naedLowestein-Jensen,
Stonebrink and Lowestein Jensen w/o glicerin (6. Solid media were
incubated for 10 days to 37°C with 5% £énd then for 80 days to 37°C.
Suspected colonies underwent to identification @yoing by molecular

methods (Dondet al, 2007).

2.2.2.2 Molecular identification and typing of stra

DNA from isolated strains was extracted by heatckhat 99°C for 20 min in
water; identification of isolates was performedusyng a multiplex PCR , an
in house variation of protocols (data not showrgcti®ed by Kulski (Kulski

et al, 1995) and by Sinclair (Sinclaat al, 1995).

This Multiplex PCR is based on simultaneous detectf different molecular
target: RNArl6S sequence, insertion element 1S®8bnapt40 gene. Different
Mycobacteriaspecies are detected by electrophoretic profil@©R product.
The strains classified ad. tb Complex, cluster including other members of
Mycobacteria(M. tuberculosis, M. africanum, M. microti, M. bovM. bovis
BCG), were going to be typed using Spoligotypingually applied for
molecular characterization, but very useful to afiintiate M. bovis/ M.
tuberculosis. Spoligotyping was performed as described by Kaewkb
(Kamerbeeket al., 1997). This technique is based iarvitro amplification of
the DNA of the highly polymorphic DR genomic locpeesent in theM. tb
Complex chromosome; this locus contains multiple, well @waed 36-bp
direct repeats sequences (DRs) interspersed with mepetitive spacer
sequences. Strains vary in the number of DRs artdeirpresence or absence
25



of these spacer sequences and they could be obrdsadt by specific
absence/presence by a PCR based reverse line d&llobdncovalently (Isogen,
Netherland).

M. bovisstrains isolated were further characterized by ¥Nyping (ETR A,
B, C, D, E) according to Frothingham (Frothinghaial., 1998).

Unidentified strains by Spoligotyping were procesdssy PCR-based/. tb
Complex typing method that makes use Mf tb Complex chromosomal
region of difference deletiotoci. According to Huard (Huaret al, 2003)
three primer pairs (which amplify within thieci Rv1510, Rv3120 and
IS1561) were run in separate but simultaneous iceectThe pattern of PCR
products from all the reactions allowed immediatentification either as/.

tb Complex and aMl. microti.

Fig. 6 a. Lowenstein-Jensen medium: primary colonywbfbovisb. M. bovis

higher-magnification image of the colony shown ictgre A.
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Fig. 7.Flowchart for the isolation d¥lycobacteriunspp.

2.2.3 Drug susceptibility testing

2.2.3.1 Proportion method on LJ medium

The drug susceptibility testing of 2M. bovis isolates was performed
following the standard proportion method on Loweirstlensen medium (Fig.
6). Equal amounts of two different dilutions (14:@d 1:100) of a standardized
inoculum (1 McFarland standard=300 x “LQ/FC/ml) were inoculated onto
agar-based medium with and without the drugs ttebted. Antibiotics were

added in different concentrations:

- isoniazid (INH): 0,2ug/ml

- streptomycin (STR): ag/ml

- rifampicin (RFP): 4Qug/m

- ethambutol (ETB): 2g/ml
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Below the summary for the preparation of ATB:
Four 50 ml tubes were prepared for each antibiog/irB) (total 16 tubes):

* Tube 1: 6 ml of steril deionized water, 10-15 s$tgiass beads

* Tube 2: 9 ml of steril deionized water

e Tube 3: 19,8 ml of of steril deionized water

e Tube 4: 19,8 ml of of steril deionized water
Tube 1: a loopful of eachl. bovisstrain grown on LJ medium was suspended
in 6 ml of distilled water. The clumps were reduteabtain an homogeneous
suspension which was vortexed for 30 seconds. The i was placed on
horizontal shaker for 30 minutes and then undersdigty cabinet. The
suspension was allowed to settle at room temper&urS minutes.
Tube 2: 1 ml of top layer was suspended from tulde fube 2 and mixed
carefully with the pipette.
Tube 3 : 0,2 ml of pellet was suspended from tRlde tube 3 and mixed
carefully with the pipette. 1,2 ml of bacterial paasion (dilution 1/100) was

removed and transfer in this way:

e 0,2 ml on LI medium without antibiotic
* 0,2 ml on ethambutol-LJ medium

e 0,2 ml on rifampicin-LJ medium

* 0,2 ml on streptomycin-LJ medium

* 0,2 mlon isoniazid-LJ medium

The last 0,2 ml was transferred on tube 4.

Tube 4: the suspension was mixed carefully with pieette. 0,2 ml of
suspension was inoculated on LJ (dil 1/1000). Ties$ were mixed carefully
to uniform the distribution of inoculum on the eatsurface of medium. The 6
tubes of LJ media were incubated with an inclinatid 45 degrees at 37 °C
until the complete absorption of inoculum (4-5 day$e tubes were observed
28 days after incubation and the colonies were taoban LJ dil. 1/100; if the
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number was too high to be counted, the colonieewatued after a LJ dil.
1/1000.

Percentage resistance for each drug was calculayedividing the total
number of colony-forming units (CFU) on the drugntaining medium by the
total number of colonies growing on the drug-freedimm and multiplying
the result by one hundred. A 1% standard cut-oftievavas used for the
interpretation of resistance. Therefore, a cultuid a percent resistance of
less than 1% was considered susceptible to thaicpar drug at that
concentration, while a culture with a percent rt@sise greater than or equal to

1% was considered resistant to that particular.drug

Number of colonies on the drug quadrant _
x 100 = % Resistance

Number of colonies on the control quadrant

2.2.3.2 Molecular detection of drug resistan€genoType®Mycobacterium
tuberculosis-multidrug resistampius

Several methods have been developed for the dmteatif mutations
associated with drug resistance of MTBC. Thesautelreal time polymerase
chain reaction (QPCR) (Lyet al, 2004) and commercially available PCR/line
probe assays (Morgaet al, 2005; Banget al, 2006).

These methods can be used to test positive cultaresmear- positive
concentrated specimens for identification of MTB@ @etection of mutations
associated with resistance to INH and RMP. At presmolecular methods
must be considered an adjunct to cultured-basedadstand phenotypic
culture-based drug susceptibility testing must leefggmed when a pure
culture becomes available.

The GenoType®J. tuberculosismultidrug resistapius (MTBDRplus) VER
2.0 assay was used to perform drug susceptibihty detection of mutations
in rpoB, katG, and inhA genes associated with tasce to RIF and INHN
the 3 cases of light bacterial groths (tablea&¢ording to the manufacturer’s

recommendations
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2.2.3.3 Susceptibility by Versatrek method

Moreover, the susceptibility testing to INH, STRERR ETB of six boviné\.
bovis isolates was performed by VersaTREK Myco suscéyibkit,

VersaTREK Myco streptomycin kit and  VersaTREK Myd®ZA kit
(Cleaveland, OH, USA-formerly ESP Culture Systenfc@ Detroit, USA),
following the manufactures’s protocol.

Appropriate inoculum sources were prepared staftmg colonies grown on
solid agar Stonebrink and/or Middlebrook 7H9 br(éb. 4):

1. Cell suspension by Stonebrink medium: pure isol@tes more than 4-
5 weeks old) growing on Stonebrink medium were Eedausing a
sterile loop and placed in a tube containing 5 tetile deionized water
and glass beads. The tube was vortexed and allboveséttle for 15
minutes. Approximately 4/4,5 ml of top layer wasmred, placed in a
sterile test tube and adjusted to a No. 1 McFarlaggivalent
(approximately 3.0X 10CFU/mI) using sterile deionized water. The
McFarland No. 1 from Myco was diluted 1:10 in derad water.

2. Cell suspension by Middlebrook 7H9: five 4,5 ml¢slof Middlebrook
liquid medium with 5M. bovisbeads were prepared and incubated at
37°C for 4 weeksThe dilution obtained was aseptically injected into
the VersaTREK bottles as it was, without furtheéutibn.

The purpose of using two different methods of prapen of the inoculum
was to assess what could be the best and/or theer fas prepare.
In principle, the susceptibility kit was inoculatedth the solution coming
from the colonies grown on Stonenbrink, while Mgco streptomycin kiand

that of Pyrazinamide were prepared starting from ¢lolonies grown on
Middlebrook 7THO.

Where the concentration of one of the two solutioves too low, it was
decided to mix the two preparations in order taaoba single solution which

was in conformity to the required concentration.
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Table 4. Inocula (Stonebrink and/or Middlebrook 7H9) of

tepecimen

prepared for susceptibility testing by Versatrelscayptibility kit, Versatrek

myco streptomycin kit and Versatrek myco PZA kitdaiinal drug

concentration.
Ne Sgscné“:i'bci’lfi RFP ISN ETB Control STR Control PZA
kiF; Y (ug/ml) (ug/ml) (ug/ml) myco STR (ug/ml) Myco PZA (ng/mi
1 0,4 0,1 8 5 8 2 300
Stonebrnk | St

1 Stonebrink Stonebrink Stonebrink Stonebrink ,,. * 7H9(8 pg/ml)- Middlebrook | - Middlebrook

Middlebrook ; 7H9 7H9

Stonebrink (2
7H9
pa/ml)

. . . . | Middlebrook Middlebrook | Middlebrook | Middlebrook

2 Stonebrink Stonebrink Stonebrink Stonebrink 7H9 7H9 7H9 7H9
. . . . | Middlebrook Middlebrook | Middlebrook | Middlebrook

3 Stonebrink Stonebrink Stonebrink Stonebrink 7H9 7H9 7H9 7H9
Stonebrink Stonebrink Stonebrink Stonebrink Stonebrink Stonebrink Stonebrink Stonebrink

4 + + + + + + + +

Middlebrook Middlebrook | Middlebrook | Middlebrook | Middlebrook Middlebrook | Middlebrook | Middlebrook

7H9 7H9 7H9 7H9 7H9 7H9 7H9 7H9
. . . . | Middlebrook Middlebrook Middlebrok | Middlebrook

5 Stonebrink Stonebrink Stonebrink Stonebrink 7H9 7H9 7Ho 7H9
Stonebrink Stonebrink

. . . . . . + +

6 Stonebrink Stonebrink Stonebrink Stonebrink Stoimibr Stonebrink Middlebrook | Middlebrook

7H9 7H9

The VTI/ESP system combines a liquid culture medi{#arsaTREK Myco

broth),

a grow supplement (VersaTREK Myco GS) and specific

concentration of antibiotic (Table 4). Inoculatedttles with isolates oM.

bovis are automatically incubated and continuously maeedo (each 24
minutes) (Fig. 8). A VersaTREK Connector is attathte each bottle to
establish a closed system for monitoring the botith the VersaTREK/ESP
instrument. The sponges in the VersaTREK Mywitles provide a growth
support matrix and increase the surface area edpmséeadspace oxygen.
The technology of the VersaTREK/ESP Culture Systems based on the
detection of headspace pressure changes withinakedséottle due to
microbial growth. A special algorithm has been deped for detection of
very slow growing Mycobacteria.

With the VersaTREK/ESP Culture System Il, anti-taodosis drugs can be
injected into VersaTREK Myco bottles supplementathWwersaTREK Myco
GS and specifidMycobacterium tuberculosisolatesin order to test their

susceptibility or resistance to the chosen drdgs.inoculum ofan isolated
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Mycobacteriumspp., prepared from colonies grown on solid mediiquid
media, is added both to a drug-free control bottked as a positive control,
and to a bottle containing the specific concerdregiof drug. The presence of
growth is determined automatically by the instrutnebut the actual
determination of susceptibility or resistance isrf@ened by a manual
comparison of the drug-free positive control botiled the drug-containing
bottles. If the organism is susceptible to a deither no microbial growth or
delayed growth will be detected. If the organismrésistant to a drug,
microbial growth will be detected within a speafiéme and is graphically
observed on the instrument by the generation obwnevard consumption
curve

Isolate information is entered into the system cot@pand the bottles are
placed in the instrument for incubation at 35-3tCer stationary conditions.
VersaTREK/ESP Culture System 1l detects mycobadtegrowth by
automatically monitoring (every 24 minutes) theeraif consumption of
oxygen within the headspace of the culture bottld eseports that growth
response with a positive signal. At the end ofdpecified incubation period,
as determined by the drug-free control bottle fheisolate that is tested, the
isolate is manually determined to be susceptiblesistant to a drug.

For susceptibility testing using the VTI/ESP systartest isolate is interpreted
as being susceptible or resistant to a drug based formula. The time to
detection of the drug-free bottle is used to cailsusceptible or resistant
interpretations using the following formula:

» Susceptible: An isolate in a drug- containing leottlat has not signaled
within the three days detection period of the dineg control is
determined to be susceptible at that drug concdorra

* Resistant: An isolate in a drug- containing boteconsidered to be
resistant at that drug concentration when its timeetection is equal
to, or is within 3 days, rounded to the near whlenber, of the time to
detection of the drug-free control bottle.

All resistant results by Versatrek method on liquiddioma should be
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confirmed by an alternate method according to taaufactuter’s instructions.

Fig. 8. TheVersaTREK System machine
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2.3 RESULTS AND DISCUSSION

There was no evidence of any drug resistance stice4 M. bovis strains
were susceptible to isoniazid, rifampicin, etharobustreptomycin by the
proportion method. These results are supportindgitieof illegal antibacterial
treatment applied to domestic animals which woulnl/jgle selection pressure
for the development of drug resistance. On theroki@and, the absence of
antibiotic resistant strains in wild boars suggesiie absence of drug
contamination in the environment, considering teeding habits of wild
boars, i.e. rooting, and the persistence of MTQéyacin the environment for
months (Duffield and Young, 1985; Fir al., 2011), which is a sufficient
length of time to represent a risk of exposurediffierent species that share a
habitat.

Light bacterial growth (table 5) was pointed out igoniazid-medium (2
samples, one isolated from cattle and one from Widr) and in rifampicin-
medium (1 sample, isolated from wild boar) (Tittaret al., 2012). Further
analyses were performed on these isoniazid anchpifan resistant clones,
since the genetic mechanisms wherbhybovisbecome resistant are not fully
known, and in human medicine was observed thatpsylodations naturally
resistant may lead, after 4 o 5 months of monotherao the complete
sostitution of the susceptible population (Gilles002).

No mutationsin rpoB, katG, and inhA genes associated withstasce to RIF

and INHwere detected in the 3 cases of light bacteriavgro
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Table 5. Antimicrobial susceptibility results from Ligunecattle and wild

boars by proportion method on Lowenstein-Jensenr{letlium-

Host species Agar proportion Light bacterial
method growth
Cattle 0/6* 1/6°
Wild boars 0/18 2/18
Total 0/24 3/24

* Number of resistant isolates over the total nunmddesolates tested
° Number of light bacterial growth strains over tio¢al number of isolates

tested

Tab. 6 Results of antimicrobial susceptibility tests onvine M.bovis by

Versatrek method on liquid medium

Control of Control Control
N° | Susceptibility | RFP ISN ETB STR myco PZA
Kit myco STR P7A
1 0,4 0,1 8 5 8 2 300
pg/ml | pg/ml | pg/ml | pg/ml | pg/mi pg/mi pg/ml pg/mi
P =) P R
1 after 5,699 S S S S S after 3,599 S S after (P after
: ’ 4,499 | 41qg)
P p S R P R
2 | after 4,59 S S S S S after 2,5qg | (P after | (Pafter | after | (P after
: ! 719g) | 2599) | 2599 | 2.599)
=) p P R
3 after 7,299 S S S S S after 3,299 S S after (P after
' : 3,599 | 499)
P =) P R
4 | after 4,599 S S S S S | after 3509 S s after | (P after
’ : 499 499)
=) p P R
5 | after4,1q9 S S S S S after 3.2qg S S after | (P after
’ ’ agg | 3.6q0)
P =) P R
6 after 2,7gg S S S S S after 2,799 S S after (P after
' : 2,799 | 2.799)
P= positive
S= sensitive
R=resistant

The results of antimicrobial susceptibility testsformed on bovind. bovis
strains by Versatrek method are reported in tabklli@he isolates were fully
INH, RIF and EMB sensitive, except for natural yramide resistance. A

single strain of bovine origin showed resistanc&T&R at lower concentration

35




(2 pug/ml) by Versatrek method, not confirmed bygandion method (table 7).

Table 7.Drug susceptibility test results from 2004 to 2010

Host species Proportion Versatrek MTBDR plus
method method assay
Bovine 0/6* 1/6 0/1
Wild boar 0/18 nt° 0/2

* Number of resistant isolates over the total nundfasolates tested.

° nt = not tested

In spite of the fact thai. bovisinfects humans, limited information about
drug susceptibility is available. The susceptipilaf isolates to four anti-
tuberculous drugs commonly used for the therapyinagauberculosis in
humans was tested. All the western Ligurian isslatere sensitive to INH,
RIF, EMB and STR by the proportion method. Thessults would be in
accordance with the ban of treatment of livestalslaughter of animals that
react positive to diagnostic test in the eradicatiampaigns is compulsory.
The lack of resistances in the western liguriataigs from animal origin are
in agreement with sensitivity to INH, RIF, EMB, STRFX in Spain (
Romeroet al, 2007); to INH and RIF in the United Kingdom (Heget al.,
2003), to INH, RIF, STR, EMB in Brazil (Parreira$ al, 2004) and INH,
RIF, STR, EMB and quinolones in the United StatBaly et al., 2006;
Fitzgeraldet al, 2011).

However, they are in contrast with the high perages of resistance to INH
and RIF found in 2 other Italian studies (Seehial, 2001; Caviranet al,
2003). This may be explained with differencieshe study area (the former
study was performed in Sardinia), or in the perafdstudy and method
applied, as the latter reported the susceptibibfy M. bovis strains to
antituberculous drugs (isoniazid and rifampin) detd by radiometric
BACTEC 460TB system in the period 1995-19%ince the results of this

study indicate no antimicrobial resistance in thest&rn Liguria region, this is
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a welcome finding for public health officials. Hover, the development of
MDR strains of tuberculosis is a worldwide problémat has ledM. bovisto
be recognized as a reemerging pathogen (Gomez-leatgR 2000).

The World Health Organization (WHO) recommendsuke of liquid culture
techniques for TB diagnosis and drug susceptibilitye standard proportion
method to assess tive bovissusceptibility is the gold standard test (Caredtti
al., 1963), but alternative liquid culture systems G&REK®MYCO
susceptibility kit, streptmomycin and PZA kit) shad be applied for the rapid
and timely detection of drug-resistance in tubessigl strains. Technological
advances in laboratory equipment such as autombteth-based culture
systems have certainly reduced the time of deteabioantibiotic resistant
strains and may increase the total number of festermed in a given time.
Our results seem to indicate that western liguklabovisof animal origin are
not the likely source of drug-resistant human casesn though the study was
carried out in a restricted area and on low nundfestrains. Therefore, the
development of drug-resistamdl. bovis would be caused in the human

reservoirdoecause of inadequate therapy.

2.4 CONCLUSIONS
Although cattle represents the primary TB hazardrfldtaffet al., 2014), it's
important the role that wildlife species have aindparticular there are likely
to be significant advantages to TB control from eleping integrated TB
surveillance schemes incorporating both cattlevaitai species.
In particular, wild boar represents a sensitiveidgatbr of environmental
contamination byM. bovis in Imperia province; considering wild boars
feeding habits, i.e. rooting, the fact that no dragistance was found M.
bovis strains isolated from these animals suggests theenge of drug
contamination in the environment confirming theailerof bioindicator.
On the other side, the absence of any drug resistam cattle could be
explained with the compulsory eradication progranbavine tuberculosis by

elimination of infected animals and the ban ontah&rculous drug treatments
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in animals. However, there is the very real opputyufor other animals in the
same herd -which may be harboring tuberculosis- reoceive limited
antibacterial therapy for other conditions, suchespiratory disease, mastitis,
or other localized infections. This may lead to timsurgence of drug
resistance iMM. bovisstrains despite all measures adopted for theitralorin
this type of environment, in fact, asymptomatic amdletected tuberculosis
carriers will be subjected to similar selectiongs@res that have produced the
current worldwide emergence of MDR and XDR tubewsid strains in
humans.

To strengthen the results of this study, we aramigy to extend the survey to
M.bovis strains isolated in the entire Liguria region, dhmnt and Valle
d’Aosta region.

For what concerns the methods applied in this stildyproportion method to
assess thé&l. bovis susceptibility to INH, RIF, EMB and STR is the dol
standard, but the use of ancillary liquid cultuystems (Versatrek method on
liguid medium) should be developed for the rapidl dmely detection of
drug-resistance in tuberculosis strains. Microlggland molecular techniques
complement each other in the study of the drugstasce and epidemiology.
In conclusion, due to the risk df. bovistransmission from animal to humans
and among human beings, the antibiotic resistamceedlance system is
necessary to control the susceptibility of thesecgs, and in this sense wild
boar monitoring is very important in an area wh#ére domestic/wildlife
proportion is inverted.

The importance of this kind of studies can be foumdhe “One Health”
concept, recognizing that the health of humansmected to the health of

animals and the environment.
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Articles published in international journals
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Tittarelli C., Meloni S., Castagna G., Forster F., Kennedy Saydmsa D.
Genotyping ofToxoplasma gondiisolates in meningo-encephalitis affected
striped dolphins $tenella coeruleoalhafrom Italy. Veterinary Parasitology
183 (2011) 31-36.

Articles on national journals

Vareecken M., Lavazza A., De Gussem K., Chiari Mtarelli C ., Zuffellato
A., Maertens L. (2012). Activity of diclazuril aget coccidiosis in growing
rabbits: experimental and field experiences. W&#&bbit Sci. 2012, 20: 223-
230.
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Guarda F., Scaglione F.E., Chiappino L., Serendvignhone W., Moschi R.,
Garibaldi F., Tittarelli C. (2012). Contributo allo studio della patologia
cardiaca nei delfini spiaggiati. Summa N°5 Giug0d2 Pagg 61-66.

Chapter in books

Garibaldi F., Mignone W., Ballardini M., Di Guarda, Tittarelli C., Podesta
M., (2012) New observations on Striped dolphBtenella coeruleoalba
(Meyen, 1833) diet at North Western Tyrrenian S&aapter VII, pagg 103-
110. In: D. Scaravelli a A. Zaccaroni. Where toagal what to eat? Animal

production and Food Security/4, Aracne editricemdo

Contribution to conferences

11-12 October 20121ZS del Mezzogiorno - Portici, Italy

Talk at the “Corso di formazione Sorveglianza saratdei cetacei spiaggiati
lungo le coste delle regioni Campania e Calabrialk title: Modalita di
esecuzione dell’esame necroscopico e protocoltadipionamento in cetacei
Spiaggiati.

20 July 2012-1ZSPLV — Torino, Italy
Talk at the “La ricerca corrente dell'lZSPLV: a 36fer difendere la salute del
territorio”. Talk title: Sorveglianza sanitaria deetacei spiaggiati lungo le

coste della Liguria, della Toscana e del Lazio.

13 April 2012- A.O.U. Maggiore della Carita di Novara, Italy

Talk at the “Corso: Tubercolosi umana ed animajgi@namento in materia
di terapia, diagnosi e cura”. Talk title: Tuberclael cinghiale: esperienze di
campo e attivita di ricerca dell'lZSPLV

3-4 November 2011 Ministero della salute - Roma, Italy
Talk at the “Corso di formazione per referenti deiflZSS nel quadro della
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costituenda rete nazionale spiaggiamenti”. Talk:tiModalita di esecuzione

dellesame necroscopico nei cetacei.

Abstract presented in national and internationaletiegs

Salogni C., Scaglione F.E., Bollo E., Chiappino &ereno A., Mignone W.,
Moschi R., Garibaldi FTittarelli C., Guarda F. Cardiac pathology in Bluefin
tuna ([Thunnus thynnygs LXVII Convegno Nazionale S.1.S.Vet 17-19
Settembre 2013. Pag 6.

Pautasso a., Pintore M.Ottarelli C ., Goria M., Serracca L., Grattarola C.,
Dondo A., Di Guardo G., Mignone W., Casalone C.linlu B.
Neuropathological investigations on cetaceans gg@mlong the Ligurian Sea
coast of Italy (2007-2012). 27th Conference of theropean cetaceans
society, 8th-10th april 2013, Setubal, Portugag.F370.

Mignone W., Scaglione F.E., Bollo E., Chiappino &ereno A., Moschi R.,
Garibaldi F., Tittarelli C ., Guarda F. Cardiac pathology of the swordfish
(Xiphias gladiuy. LXVII Convegno Nazionale S.1.S.Vet 17-19 Setteeb
2013. Pag. 8.

Tittarelli C, Zoppi S., Dondo A., D'Errico V., Giorgi l., Perosino M.,
Lanfranchi P.,Mignone W. Micobatteriosi nel cinghiale: studiofdnomeni di
antibiotico-resistenza in provincia di Imperia. XlI¥ongresso nazionale
S.I.Di.L.V, . Sorrento (NA), 24-26 Ottobre 2012.gge602-503.

Serracca L., Rossini I., Battistini R., Cencettj Brearo M., Mignone W.,
Tittarelli C ., Goria M., Sant S., Ercolini C. Indagini post-ieon su
tartarughe marine spiaggiat€dretta carettd lungo le coste liguri (2010-
2011). XIV congresso nazionale S.I.Di.L.V. Sorrengd-26 Ottobre 2012.
Pagg 490-491.
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Radaelli C., Accorsi A., Maurella C., Ru G., ChiagalL., Mandola M.L.,

Rizzo F., Prearo M., Mosca A., Mignone W., Casald@e Mosquito

surveillance in Northwestern Italy to monitor thecarence of tropical vector
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Courses attended during the PhD study

11 December 2013I1ZSPLV- Torino, Italy

La ricerca degliE. coli produttori di verocitotossina (VTEC) nei germogli
(Reg. 209/2013) e negli alimenti: prospettive e tigta legate

all'interpretazione del dato analitico

04 April 2013—1ZSLT - Roma, ltaly
Tubercolosi, brucellosi, leucosi bovina enzootigalutazione dei costi dei

piani di eradicazione nella regione Lazio

24-26 October 2012 Sorrento, Italy

XIV congresso nazionale S.1.Di.L.V

10 February 2012Fondazione iniziative zooprofilattiche e zooteceiech
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Brescia, Italy

Convegno Pipistrelli: biologia e malattie

11 January 2012 - Casino di Sanremo, Italy

Convegno: la ricomparsa del lupo sulle Alpi liguri

26-27 September 20X2zsplv — Torino, Italy
Sanita pubblica veterinaria: impostazione di unngiadi monitoraggio

sanitario e di sorveglianza selvatica. Propostizezdile in Italia?

08 February 2012 IZSPLV — Torino, Italy

Oliamme-lo strumento gestionale per gli approvvigiorenti Izsplva

28 October 2011 Diano Marina, Italy

Giornata di aggiornamento sul randagismo

11-12 May 2011 Asl Nuoro, Italy
Corso “Attivita di sanita pubblica veterinaria reellgestione degli

spiaggiamenti di animali marini

7 February 201% IZPLV — Torino, Italy
Corso base ADR (ediz.2)

22 November 2011-6 Dicember 2021ZSPLV - Imperia, Italy

Evento formativo: la norma uni cei en iso/iec 17@PB5 e il manuale della
qualita dell'izsplva. Dalla "grammatica" alla "pecat’ (codice n. 8565 edizione
35)

28 November 20111ZSPLV, Torino, Italy

Evento formativo: Oliamm-lo strumento gestionale gk approvigionamenti
IZSPLVA (codice n. 9103 edizione 2)
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Participation in international meetings

28 August - 2 September 201Zaragoza, Spain

Seventh Ticks and Tick-borne Pathogens InternatiGoaference.

4-5 July 201% University of Liege, Veterinary college, Belgium

5th International Cetacean Necropsy Workshop

21-23 March 2011 €adiz, Spain

25" conference of the European Cetacean Society (ECS)

Participation in national research project

1.
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Sorveglianza sanitaria dei cetacei spiaggiati lulegcoste della Liguria,
della Toscana e del Lazio- progetto di ricerca exte finanziata dal
Ministero della Salute Dipartimento per la SanitélBlica Veterinaria, la
Nutrizione e la Sicurezza degli Alimenti

Sviluppo di una rete di sorveglianza diagnostidatala della salute e de
benessere dei cetacei spiaggiati lungo le costetedgtorio nazionale-
progetto di ricerca corrente finanziato dal Ministedella Salute
Dipartimento per la Sanita Pubblica Veterinaria, Natrizione e la
Sicurezza degli Alimenti

Tubercolosi: aggiornamento in materia di diagnasicle epidemiologia
delle'infezione nelle specie animali,zootecnichayatiche e d'affezione-
progetto di ricerca corrente finanziata dal Mierst della Salute
Dipartimento per la Sanita Pubblica Veterinaria, Natrizione e la

Sicurezza degli Alimenti

Partecipation in international research project
“RESEAUtransfrontalier de lutte contre les moustiques anits et vecteurs

de maladies”-progetto Italia-Francia marittimo 2713
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